Past research emphasizes the potential of using Virtual Reality (VR) in education because of its ability to provide the user with a sense of immersion that promotes learning and growth. However, navigation in this environment has been found to be challenging. To address this issue, this pilot study developed a virtual reality based application to reinforce the knowledge of safety protocols in a manufacturing setting. This environment included a simulated assembly line, and participants were asked to identify and tag hazards including virtual workers committing safety violations. This research then investigated the effectiveness of four navigational aids using a between-subjects experimental design. Twenty participants underwent videobased training focused on potential safety violations in a manufacturing environment. They were subsequently exposed to the virtual environment and provided with training in identifying and classifying violations. The participants were then asked to identify safety hazards that were placed throughout the virtual manufacturing facility. The dependent variables included the time spent in the virtual environment, the number of violations identified, eye gaze measures, the NASA-TLX workload, and computer systems usability measures. Statistically significant differences were found for the dependent measures of number of violations identified, workload and usability. The results suggest that both maps and arrows embedded on the floor have the potential to enhance usability with reduced workload.
INTRODUCTION
Past research emphasizes the potential of using Virtual Reality (VR) in education because of its ability to provide the user with a sense of immersion that promotes learning and growth. For this reason, these systems are being used in domains ranging from training surgeons to conducting usability studies (Chalil Madathil & Greenstein, 2011) . While the diversity of these virtual environments (VEs) makes it essential that the interfaces be intuitive and user-friendly, navigating in them remains problematic. The user can often become lost or disoriented in an unfamiliar environment, an issue that may be addressed through the use of effective navigation aids. Studies conducted by Wuheng et al. (2009) , for example, found that participants navigated faster with navigation aids than without. To extend their research, this study investigates various navigational aids, assessing their support of a search task in a VR and their effect on usability and performance. Its findings will aid VR designers in creating intuitive and usable interfaces for various systems.
For the user, the first encounter with a VR will always be unfamiliar; therefore, these environments should be easy to navigate using intuitive navigation aids. As Vinson (1999) found, having distinct buildings or features help to establish awareness and familiarity of surroundings, his results showing landmarks are critical for user navigation within a VE. For example, distinct environmental features assist in the development of cognitive maps, thus promoting spatial awareness, and memorable landmarks, such as a 3D building versus a wall mural, increase navigability. Asymmetrical sides of an object, for example a wall with a painting on one side but nothing on the other, also help users determine orientation. To further increase the distinctiveness of a landmark, such objects as bushes and lamps can be placed nearby. In addition, the alignment of a landmark with other objects like example paths or roads can help users easily locate targets in a VR. He concludes article by providing guidelines for designing effective landmarks for large-scale VR.
Further research conducted by Sayers (2004) aimed at identifying ways to increase the usability of VEs for both older and younger populations through the use of navigational aids. A PC interface was developed to test the most effective way to navigate within a VR without the subject becoming disoriented or lost. Six adaptations of the interface were tested: the first included no tools; the second, third, fourth and fifth interfaces each incorporated one tool along with a direction dial and a list of movement modes-specifically, a map, speed control, a mark button and an undo button, respectively; and the final condition displayed all the tools available. Of the 204 participants, all age groups took the most time using the no aid condition; the older participants, however, performed worse than the younger under all conditions. Extending this research, Wu et al. (2007) investigated the effect of three types of way-finding aids, human-system collaboration, an animation guide, and a view-in-view map. The results found that performance was higher with the use of an aid than for the group with no aid. While overall the participants preferred the view-in-view map, the human-system collaboration tool worked better for people with superior spatial ability, and the animation guide worked best for people with little or no spatial ability.
More recently, Burigat and Chittaro (2008) conducted a study to identify the most effective navigation tools to use within a VE, using four conditions: no aid, 3D arrows, 2D arrows and radar. They found a significant effect between navigation aid and type of user. Inexperienced users spent more time searching for targets in the control condition than for all other conditions and the least amount of time in the 3D arrow condition. Experienced users also spent more time in the control condition, but no significant differences were found in the type of aid used. Inexperienced users performed the best with 3D arrows; while the 3D arrows worked better than no aid for experienced users, they performed the same with all three aids. Overall, experienced users performed significantly better than inexperienced users.
Studies conducted by Ruddle (2005) explored the effect of trails on navigation. Their study consisted of four conditions: no navigational aid, a trail, a landmark, and a trail and a landmark. Performance was measured based on the distance that participants traveled, with less distance traveled to reach a target indicating better performance. The results found that participants traveled the shortest distance when they were given a trail, while landmarks had no effect on the distance traveled. In the final trial, no trails were given, the results finding that participants who had previously used one performed better than the participants who had not been given a trail. However, trail pollution was found to be an issue when participants were given trails to mark where they had been.
Motivation
To extend this research on the effectiveness of navigational tools in VE, this study investigated the use of various aids in the context of industrial safety. Safety, which is recognized by the manufacturing production industry as essential, is frequently taught using modules to introduce safety concepts, organizations, regulations, communication processes and material handling procedures. In addition, students learn about ergonomics, electrical safety, first aid, noise control, machine guarding, hand tools, poisonous chemicals and flammable materials.
These safety modules also include activities, assessments, and virtual reality tools to reinforce the learning objectives. The virtual reality environment used in this study involved a simulated assembly line and a factory setting complete with drilling machines, lathes, and forklifts as shown in Figure 1 . Students then identified and tagged hazards or workers committing safety violations in this setting.
As past research has shown, the performance of this task may be influenced by the design of the environment, the design of the navigational tool, and the user's experience (Burigat & Chittaro, 2007) . Recent years has seen the development of numerous virtual environments (Parmar et al., 2014) and navigational tools, without the accompanying knowledge based on comparisons between these aids (Burigat & Chittaro, 2007) . The objective of the research reported here was to investigate how different types of navigational aids affect the performance of the violation identification task.
METHOD

Participants
Twenty college students, 15 males and 5 females with at least basic computer experience and normal or corrected-tonormal vision, were recruited by word-of-mouth for this study. The average age was 29.2 years. Additional participant demographics are shown in Table 1 .
Independent Variables
The independent variables associated with this study were the navigational aids at four levels. The participants were randomly assigned to one of the following conditions through a computer program.
No-aid condition. This condition involved no navigational aids in the VE, with participants moving around the facility and tagging violations as they saw fit.
Map-based condition. This condition consisted of a map of the entire VE located at the bottom right corner of the screen. It marked the designated path the participants were to follow.
3D arrows. This condition consisted of a GPS-style 3D arrow at the bottom center of the screen. Once participants reached their target destinations, this arrow pointed to the next location. Figure 1 . Virtual manufacturing environment
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Arrows on the floor. This condition consisted of large white arrows on the floor of the VE, pointing to the appropriate locations for the participants.
Apparatus
The study used a desktop computer with a 19-inch monitor, equipped with a non-invasive Tobii X60 mobile eye tracker. Tobii Studio eye-tracking software was used to manage the experiment and collect the objective and eye gaze measures. Eye position data were sampled at 60Hz, with fixations being determined using a fixation filter radius of 30 pixels and a duration threshold of 100 ms.
Experimental Task
This study used a between-subjects experimental design. Participants were exposed to one of the four conditions investigated: 1) No aid as shown in Figure 2 2) Map with path as shown in Figure 3 3) 3D arrow at the bottom of screen as shown in 
Procedure
To begin the study, the researcher greeted the participants and provided them with a brief overview. They were then asked to read and sign an informed consent form and to complete a pre-test questionnaire asking for basic demographic information. Next, the participants viewed a presentation on industrial safety, after which they were assigned to a computer, followed by the calibration of the eyetracker. The participants were subsequently given an introduction to the controls and commands in the system through virtual training and were trained on how to tag violations in the virtual environment. Table 2 provides the list of safety violations included in the simulation. Improper placement on machine guards in the robotic cells
The participants then completed the tasks under the condition they were assigned. They then completed the NASA Task Load Index (NASA-TLX) (Hart & Staveland, 1988) and the IBM computer system usability questionnaire (CSUQ) (Lewis, 1995) with respect to their experiences with the interface used. Upon completion of the study, the participants were de-briefed by the researcher. The time required to complete the entire experiment was approximately 60 minutes.
Dependent Variables
Four metrics were analyzed to determine participant performance and experience with the VE, specifically, the time taken, the workload, the usability and the number of correctly tagged worker errors. The time taken and the correctly tagged errors were automatically recorded by the computer as the participant navigated through the VE. The workload and usability measures were collected through an online survey administered using Survey Monkey.
RESULTS
SPSS 21
.0 was used to analyze the data. To determine the presence of significant differences across the four navigation aids, univariate ANOVA was used with a 95% confidence interval. Post-hoc LSD comparisons were used to determine the locus of significant differences.
Objective measures
Time taken to complete the task. This metric was measured by determining the time taken from when the participants began the simulation to when they completed it by identifying the safety violations. The time taken to complete the task was not significant, F (3,16) = 1.69, p = 0.21, as shown in Figure 6 .
Number of infractions correctly identified. A violation was recorded as "correctly identified" when the participants clicked on it and classified it in the appropriate category. The mean number of violations identified using navigational aids was significant, F (3, 16) = 9.08, p = 0.001, as shown in Figure 7 . Subsequent post-hoc analysis suggested that there was a significant difference between the no-aid condition and the other conditions. Participants found the fewest number of violations in the no-aid condition. There were no significant differences between the conditions with an aid. 
Subjective measures
Total Workload. The effect of a navigational aid on the total workload was significant, F (3, 16) = 17.42, p < 0.001, as shown in Figure 8 . Subsequent post-hoc analysis suggested that the workload was significantly higher under the no-aid condition than for the other three conditions. The results also suggested that the workload was higher for the 3D arrow condition than when the navigational arrows were embedded on the floor.
Overall usability. The effect of a navigational aid on the overall usability was significant, F (3,16) = 34.50, p < 0.05, as shown in Figure 9 . Subsequent post-hoc analysis suggested that the map and the arrows embedded on the floor received the highest usability scores. 
DISCUSSION
While the time taken by the participants across the conditions was not significant, the least number of violations was identified for the no-aid condition, perhaps because these participants did not have a navigational aid to guide them on how to traverse the virtual environment. This suggests the need for navigational aids when designing virtual environments to reinforce the concepts learned in class.
The results from this study suggest both maps and arrows on the floor have the potential to enhance usability and reduce the workload. One of the reasons for the high usability score for the aid with arrows on floor may be because it is simple and easy-to-understand. One of the key findings of this study was that the workload was higher under the no-aid condition, possibly because of the frustration experienced by the participants when they were exposed to the virtual environment without an aid to help them navigate.
Since the research reported here is an exploratory pilot study conducted to understand the effectiveness of different navigational aids in a virtual environment, one of its limitations was its small sample size. The post-hoc power analysis suggested a sample size of 30 participants per condition. However, as the preliminary results are encouraging, future studies will identify mechanisms for improving the effectiveness of navigation aids based on maps and floor arrows. Future studies will also investigate the effect of gaming experience, search strategies and environmental layout on the performance in a virtual environment.
